Summary. Mice (strain TO) were inoculated with a human strain of Chlamydia trachomatis (serovar E) either 14 days before the detection of a vaginal plug (day 1 of pregnancy), or from one to nine days thereafter. The organisms were given via the intraperitoneal route (ip) or intravenously with an additional intravaginal inoculum (iv + ivag). Mice were killed on day 18 of pregnancy and the contents of the uterus examined. Chlamydiae were isolated from at least one placental disk of about a quarter of the mice. Organisms given via the ip route established placental colonisation more effectively. Thus, placental colonisation was detected in five of 16 mice given chlamydiae by the ip route (in six of eight placentas in one mouse), whereas colonisation occurred in only a single placenta from one of nine mice infected via the iv + ivag routes. Chlamydiae were isolated from 13 (6.25%) of 208 placentas examined; the degree of colonisation was variable and the individual placentas were colonised independently. Chlamydiae were not recovered from fetal tissue, even when there was heavy placental colonisation. Nor were they isolated from maternal spleens, even though there was antibody to C. trachomatis in all maternal sera; the titres were in the range 4-2048, depending on the time of chlamydial challenge. These experiments show that C. trachomatis did not cross the placenta and that the pregnancy outcome in these mice was not affected.
Introduction
Chlamydia psittaci causes placental infection and abortion in various mammals, particularly cattle and sheep (Storz, 1971) . Acute placentitis and spontaneous abortion in a woman caused by C . psittaci of sheep origin has also been described (Wong et al., 1985) . The organisms were isolated from the placenta and fetal tissues, and chlamydial antibodies were found in the maternal serum. However, the effect of C . trachomatis (chlamydiae) on the outcome of pregnancy is still speculative. Schachter (1967) isolated chlamydiae from the products of human abortion, but it was uncertain whether this could be attributed to contamination during passage through an infected birth canal. Martin et al. (1982) reported that stillbirth or neonatal death was ten times more common in women infected with C. trachomatis than in uninfected women. In contrast, several other workers have reported that cervical infection with C . trachomatis did not predict spontaneous abortion, stillbirth, prematurity or premature rupture of membranes (Heggie et al., 1981; Harrison et al., 1983; Munday et al., 1984) . However, in one of these investigations (Harrison et al., 1983) , the small subgroup of women who had IgM-positive C . trachomatis infections were delivered of more lowbirthweight infants and had a greater risk of preterm delivery. Nevertheless, IgM chlamydial antibody was not detected in any of the cord blood samples from these women indicating that the fetuses were not infected congenitally.
To investigate further the effect of C. trachomatis on the outcome of pregnancy, we used a mouse model of chlamydial genital-tract infection. The failure of C. trachomatis infection to affect implantation, placentation, litter size or birthweight, or to induce fetal deaths and abnormalities in the mouse has been described previously .
In this communication we describe our attempts to ascertain whether C. trachomatis crosses the placental barrier and colonises the fetuses in utero.
Materials and methods

Mice
TO mice, 7-10 weeks old, were bred and maintained in the specific pathogen-free unit at the Clinical Research Centre; they had not been used for breeding eliperiments previously. One male was boxed with four females which were examined daily for the presence of a vaginal plug that signified successful mating. Plugged females were removed immediately to a separate box with the date of the first observation of the vaginal plug being taken as the first day of pregnancy.
C . trachomatis strain
A strain of serovar E, designated N.I.l, was used. It had been isolated from the endocervix of a contact of a man with non-gonococcal urethritis and was passaged serially in McCoy cells. For the inocula, chlamydiae from the ninth passage were suspended in sucrose phosphate medium (2SP) containing fetal calf serum 10% and stored in liquid nitrogen. This chlamydial suspension was mycoplasma free, contained 2 x l O7 inclusion-forming units (ifu)/ml, and was known to cause salpingitis in mice .
Inoculation of mice
Groups of mice were inoculated with chlamydiae at various intervals before or after finding vaginal plugs. In the first experiment, mice were inoculated intraperitoneally (ip) with 2 x lo6 ifu of chlamydiae or 2SP alone. Two mice were challenged ip with N.I.l 14 days before the detection of a vaginal plug and a total of 16 mice were inoculated from day 1 to day 9 of gestation. Four mice serving as controls were inoculated ip, in pairs, with 2SP alone on days 6 and 9 after detection of plugs. In the second experiment, mice were inoculated with 2 x lo6 ifu intravenously (iv) and with 1 x lo6 ifu intravaginally (ivag). Nine mice were inoculated with chlamydiae on days 2-6 of gestation, and eight mice, serving as controls, received 2SP alone on days 4 and 6.
Necropsy
Mice killed by inhaled anaesthetic on day 18 of pregnancy were opened aseptically through a ventral abdominal incision. Blood was withdrawn from the heart and the contents of the abdominal cavity examined carefully. The uterus was opened and fetal viability, macroscopic 'resorptions', and the anatomical sites of all implantations were recorded. Classification of embryonic death into early, middle and late was estimated according to the criteria of McLaren and Michie (1959) . Live fetuses were examined for gross abnormalities and weighed individually. Then they were killed and the fetal livers dissected out and each homogenised in 1 ml of 2SP by repeated withdrawal into a sterile 1-ml disposable syringe. The remainder of each fetus was minced with sterile scissors in 1 ml of 2SP. Placental disks were dissected from fetuses and membranes and individually homogenised with 1 ml of 2SP by use of a 1-ml syringe. Finally, maternal spleens were homogenised in the same way. All samples were stored in liquid nitrogen until required for isolation procedures.
Isolation of chlamydiae
To estimate any toxic effects that the tissue samples might have on McCoy-cell monolayers, and the optimum conditions for avoiding them, a pilot experiment was undertaken with strain N.I. 1 and various treatments and dilutions of normal placental and fetal homogenates. Liver was less inhibitory to chlamydial isolation than placental disks, but the following schedule was found to be optimal for both and was used throughout the study. Spleen, liver and placental tissues were thawed rapidly and agitated on a vortex mixer for 30 s. Samples were then added to 6 m l of complete medium containing glucose and antibiotics (CMGA) at 37°C in a sterile conical-bottomed glass tube. The tubes were centrifuged at 1200 rpm for 10 min, 1 ml samples of the supernate were seeded on to six cycloheximide-treated McCoy-cell monolayers for isolation of chlamydiae as described previously (Thomas et al., 1977) . The cell monolayers were stained by Giemsa reagent and examined by darkfield microscopy. The whole fetuses were treated in the same way, except that the samples of minced tissue were homogenised in a glass grinder before adding to CMGA.
Detection of antibody
The titre of IgG antibody to C. trachomatis in the serum of individual mice on day 18 of pregnancy was measured by a micro-immunofluorescence technique with a fluorescein-labelled rabbit anti-mouse IgG conjugate (Thomas et al., 1976) .
Results
Placental colonisation with strain N.I.l in mice inoculated during pregnancy is shown in table I. Chlamydiae were isolated from at least one placental disk of about one quarter of the mice inoculated with strain N.I. 1. Placental colonisation occurred in 5 of 16 mice inoculated ip and chlamydiae were isolated from 6 of 8 placental disks of one mouse. In contrast, placentas were colonised in only 1 of 9 mice inoculated via the combined iv and ivag routes, and in this animal a single placenta only was colonised. Thus, challenge via the ip route was the more effective in establishing placental coloni- * Presence of a vaginal plug = day 1.
sation. Overall, chlamydiae were isolated from 13 (6.25%) of the 208 placentas examined. The degree of colonisation, assessed by the number of chlamydial inclusions in McCoy-cell monolayers, varied; the range was from a few ifu/ monolayer to many hundreds (table 11) . Furthermore, the placentas were colonised as independent units. Thus, although the placental disks nearest the oviduct (Ll, R1 in table 11) most often harboured the organisms in mice inoculated by the ip route, this was not always the case. Disks in positions R3 and R4 were colonised in mouse no. 15, but not those in positions R1 and R2. In mouse no. 26, which was inoculated by iv and ivag routes, the only placenta colonised was in position R8, the one nearest to the cervix.
The results of attempts to isolate chlamydiae from fetal tissue are shown in table 111. Chlamydiae were not recovered even when there was heavy placental colonisation. Nor were they isolated from maternal spleens, even though there was antibody to C. trachomatis in all maternal sera, with titres in the range 4-2048, depending on the time of Table 11 . Position in uterus of colonised placentas chlamydial challenge. The mice were killed on day 18 of pregnancy : therefore, the time allowed for the development of an antibody response was 9-18 days.
Placental colonisation was not seen when mice were challenged before the fifth day of pregnancy (table 111) . Although the number of mice inoculated with chlamydiae during this time was small, 61 placental disks were examined. Furthermore, there was no evidence of colonisation in any of 15 placentas from two mice that were given chlamydiae, ip, 14 days before the detection of a vaginal plug. Both of these mice had a chlamydial serum antibody titre of 2048, but chlamydiae were not recovered from their spleens.
Discussion
Challenging mice via the ip route with C. trachomatis was more effective in bringing about placental colonisation than challenging them via the iv and ivag routes. The ip route has also been found to be the most effective in causing colonisa- tion of mouse placentas with other micro-organisms. When given this way, intestinal as well as abortive strains of ovine C.psittaci killed infant mice in utero (Buzoni-Gate1 and Rodolakis, 1983) and two mutant strains of ovine C. psittaci, the virulence of which was attenuated for pregnant mice, colonised the placenta and induced intrauterine death (Rodolakis, 1983) . The ip route was also the most effective way of colonising mouse placentas with Brucella abortus (Bosseray, 1980) . Partial colonisation was observed in 25% of mice, and the probability of colonisation was the same for all sites of implantation. Because the mouse ovary is almost completely enveloped by a bursa, it is extremely unlikely that organisms given ip could reach the uterus via the oviducts and, therefore, preferentially colonise the sites nearest the ovary. Indeed, ip inoculation with chlamydiae does not result in salpingitis in the mouse model, and organisms cannot be recovered subsequently from the genital tract . Placental colonisation must be the result of haematogenous spread of the organisms, despite our inability to detect chlamydiae in the maternal spleens. Organisms given ip reach the blood stream after lymphatic carriage which may allow their multiplication and thus provide a greater chance of colonisation. C. trachomatis can grow to a limited extent in mouse peritoneal macrophages (Kuo, 1978) , but it is thought that non-lymphogranuloma venereum (LGV) serovars multiply only in epithelial cells whereas LGV serovars infect both epithelial and lymphoid tissue (Kunimoto and Brunham, 1985) . This hypothesis is consistent with our ability to isolate strain SAzf (an L2 serovar) from the spleens of mice inoculated by the iv route (Tuffrey et al., 1984) and our failure to recover strain N.I.1 in the current experiments. Manor and Sarov (1986) found that infection with C. trachomatis was abortive in human monocytes and productive only in monocyte-derived macrophages with an LGV serovar. In contrast, Rothermel(l985) showed that blood monocytes and monocyte-derived macrophages were equally susceptible to C. psittaci. It is interesting to note that the histological pattern of the C. psittaci-induced placentitis described by Wong et al. (1985) suggested that the infection spread haematogenously to the placenta, rather than ascending from the cervix. The ability of C. psittaci to cross the placental barrier may be due to its facility to replicate more easily and in more cell types than C. trachomatis.
Previous experiments in mice have shown that pre-treatment with progesterone and surgical inoculation of organisms directly into the uterus is the most effective way of producing chlamydia1 infection of the genital tract (Tuffrey and TaylorRobinson, 1981) . Because this schedule was unsuitable for the current experiments, we chose to give some of the mice additional ivag inocula in an attempt to provide a closer contact of organisms with the genital tract. There was, however, no evidence that these organisms colonised the genital tract. It is clear from the results of these experiments that C. trachomatis did not cross the mouse placental barrier to colonise the fetus even when there were large numbers of organisms in the placenta. This was not a spurious failure due to technical inadequacy of isolating chlamydiae from the fetus because they were found in 13 of 208 placentas tested and placental tissue was more inhibitory than fetal tissue for chlamydial isolation. As C. trachomatis organisms did not cross the placental barrier, it is not surprising that they failed to affect the outcome of pregnancy ). However, it is possible that if the organisms somehow gain access to the uterus before or during pregnancy they may still have a deleterious effect on murine and human embryos. This may be tested in further experiments with the mouse model.
In experiments conducted up to now mice have been inoculated from the first to the ninth day of gestation. This period, up to and during placentation, was chosen because it was the one during
